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It was realizeda long time ago that the attrac-
tion betweentwo quarkscloseto the Fermi surface
in high densitystrongly interactingmatterleadsto
the formation of Cooper pairs of quarks and the
spontaneousbreakingof color symmetry. This phe-
nomenonwasmorerecentlystudiedusinga variety
of methodsand the main lessonslearnedin these
studieswerethat i) the gapcanbe large, up to 100
MeV, ii) in the caseof three-flavors of quarkswith
thesamemassthegroundstateis theso-calledcolor-
flavor-locked (CFL) state, andchiral symmetryre-
mainsbrokenat arbitrarilyhighdensitiesandiii) the
low-lying excitationscarry thequantumnumbersof
the pseudo-scalaroctet familiar from the zeroden-
sity case(plus two otherscalarsrelatedto thespon-
taneousbreakingof baryonnumberandaxialcharge)
andiv) a form of electromagnetismsurvives:acom-
bination of the photon and the eight gluon is not
“Higgsed”andremainsmasslessin theCFL phase.

TheCFL phaserespondsto massasymmetriesthat
costslittle energy but is not available in the free or
two-flavor system: it can condensemesonscarry-
ing strangeness,thatareparticularlylight. This was
demonstratedin on very generalgroundsand,in the
caseof weak coupling, through explicit computa-
tionsof the responsefunction to massasymmetries.
For realisticvaluesof thequarkmassesanddensities
it wasfoundthattheK0 is themesonthatcondenses.
In theCFL phasethereis anequalnumberof quarks
of the threeflavors,andthesystemachieveselectri-
calneutralityin theabsenceof any electrons,making
it aperfectinsulator. Thepresenceof theK0 conden-
sate,being neutral,doesnot changethis situation.
A charged kaoncondensatehowever would change
quark matter from a perfect insulator to a (electri-
cal)superconductor. It is agenericfeatureof charged
masslessscalarsthatthestronglongwavelengthfluc-
tuationsof thegaugefield leadto condensationof the
scalarfield (Coleman-Weinberg mechanism.In the
CFL+K0 phasethereis onealmost masslesscharged
scalarfield. Its masscomesfrom isospinbreaking

contributionscomingfrom thequarkmassdifference
andelectromagneticmasseffects. In this paperwe
considerthecompetitionbetweentheisospinbreak-
ing masstermsand the fluctuationsof the electro-
magneticfield in order to determinethe fateof the
charged kaonsand of the possibility of a (electro-
magnetic)superconductingphasein quarkmatter.

We show that at asymptotically high densities
the “color-flavor-locked+ neutralkaoncondensate”
phaseof QCD developsa charged kaoncondensate
throughtheColeman-Weinberg mechanism.At den-
sitiesachievablein neutronstarsachargedkaoncon-
densateforms only for some(natural)valuesof the
low energy constantsdescribingthe low-lying exci-
tationsof thegroundstate.
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Figure 1: Effective potential as a function of
x � tan
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K0 � ) for a naturalchoiceof parame-

tersandleadingperturbative resultsfor the remain-
ing parameters).Thedashedline shows theeffective
potentialwithout theelectromagneticcontribution.
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